Quantitative and qualitative examination of anaerobically isolated flora of the gingival crevice and saliva was carried out. It was found that half the organisms were anaerobes and that there were twice as many gram-positive organisms as there were gram-negative ones. Rods were predominant in the gingival crevice (60.5%) and cocci in saliva (69.1%). Of the total organisms, nonsporing, grampositive anaerobic rods accounted for 24% in the gingival crevice and 9.7% in saliva. These organisms were characterized on the basis of the type of fatty acids produced from glucose and various biochemical reactions. They belonged to the following genera: Actinomyces, Propionibacterium, Arachnia, Lactobacillus, Eubacterium, and Bifidobacterium. Bifidobacteria were present only in saliva. Although members of the other genera were present both in the gingival crevice and saliva, there were considerable differences in the proportion of any particular organism (in relation to the total anaerobic viable count) between the two sites. The result of this study also indicates a greater than previously appreciated level of Propionibacterium and Arachnia in the human mouth.
The human oral flora contains a large proportion of anaerobes, of which nonsporing, grampositive rods or so-called diphtheroids are a major component. Current systems of bacterial classification (8, 19) recognize several genera within this group, for example, Propionibacterium, Arachnia, Actinomyces, Bifidobacterium, Lactobacillus, and Eubacterium; organisms of this general type have been studied by various authors (3-5, 17, 22-26, 29-31, 35, 37, 39 ; L. Pine, A. Howell, Jr., and S. J. Watson, Bacteriol. Proc., p. 79-80, 1960).
There is considerable overlapping between these genera, and borderline strains are particularly difficult to classify (25) . The majority of the investigations on the flora of the mouth have been concerned either with saliva or dental plaque or gingival crevice material and have employed a variety of media, dispersing techniques, cultivation methods, and identification procedures. The data from the different sources have been pooled (43) ; therefore, only general conclusions regarding their distribution can be made. Up to the present time, very few studies have been reported that have attempted a comparative census of defined genera and species of the most numerous cultivable anaerobic, grampositive, nonsporing rods present in the gingival crevice area and saliva of humans (45) . This fact and the recognition of their possible role in human infections, including periodontal disease (19, 28, 41, 42) , have prompted the broader survey undertaken here.
MATERIALS AND METHODS
Gingival crevice material and saliva samples were collected from 10 individuals, 15 to 50 years of age, chosen at random from the Primary Care Unit of the Dental Hospital.
Samples (2.7 to 4.7 mg, dry wt) were collected with periodontal scalers from gingival crevices around molars and premolars, pooled, and immediately placed in 5 ml of reduced transport fluid (RTF [29, 32] ) contained in a small sterile bottle with minimum air space; 2 to 3 ml of unstimulated saliva was then collected in a second bottle. Both bottles, with slightly loose caps, were placed into a jar made anaerobic with GasPak GINGIVAL CREVICE AND SALIVA FLORA OF HUMANS anaerobic chamber was not employed. A (11) . Indole production in Robertson cooked-meat medium was tested with Kovac reagent (11) . Nitrate reduction was determined by the method of Cook (10) . Catalase tests were done on colonies from MM10 medium, after 1 h of exposure in air, with 3% H202, using control tests on the medium itself. Medium (4.5 ml) for biochemical tests was distributed in bijou bottles with minimum air space and seeded with drops of actively growing cultures in Robertson cooked-meat medium. The tops of the bottles were left loose, and the bottles were incubated in an anaerobic jar containing 90% H2-10% CO2 for 5 days (in the case of gelatin liquefaction, for 14 days) at 37°C. The media were not prereduced.
Glucose end products. Volatile acid end products were determined by gas-liquid chromatography in accordance with the VPI technique (21), using 4 ml of a 5-day-old culture in PY with glucose (PYG). Formic acid and nonvolatile acids (pyruvic, lactic, and succinic) were detected as their methyl esters; 2 ml of boron trifluoride-methanol reagent (British Drug Houses) was added to 2 ml of acidified supernatant, and the mixture was left overnight at room temperature. The esters were extracted with 0.3 ml of chloroform by mixing briefly and centrifuging at 1,500 x g for 2 min. Standard solutions of volatile and nonvolatile acids and uninoculated PYG were treated in the same manner and used as controls.
Chromatographic conditions. Analyses were performed on a Perkin-Elmer gas chromatograph (model Fll) with a flame ionization detector and a 3-foot (ca. 0.914-m) glass column packed with 5% FFAP (free fatty acid phase; Varian Aerograph, Walnut Creek, Calif.) on Chromosorb G (80/100 mesh). Operating conditions were as follows: oven temperature, 150°C; detector temperature, 2500C; injection port temperature, 200°C; carrier gas, N2, 101 kPa. A 0.5-d portion of the sample for analysis was injected onto the column. Acid end products were identified, and approximate amounts were estimated by a comparison of peak heights and elution times with those of the acid standards. Corrections were made for the small amounts of acids present in the uninoculated media. All strains were tested for volatile acids. If only acetic or no volatile acids were detected, then it was necessary to test for nonvolatile acids also.
Identification of isolates. In this study, because of the large number of isolates (a total of 1,010), a complete taxonomic description was not attempted. The isolates were placed into various broad groups based on their appearance in Gram-stained preparations; only the gram-positive, anaerobic, nonsporing rods were further characterized by the detection of acid end products of glucose metabolism and some biochemical reactions. In the present study, the genus definitions and species characteristics described previously (21) have been employed. Table 1 shows that the recoveries of microorganisms from the gingival crevice area and saliva were about 39 and 32%, respectively, of their microscopic counts.
RESULTS
From 10 individuals, a total of 497 isolates from the gingival crevice and 513 from saliva was obtained. Table 2 shows the proportion of all isolates that were gram positive or gram negative, facultative, or anaerobic and their morphological types. The anaerobes were about half of the total anaerobically cultivable organisms; there were almost twice as many gram-positive organisms as there were gram-negative ones; rods were more prominent in the gingival crevice (60.5%) than in saliva (30.9%) .
No consistent differences in colonial or cellular morphology of the various isolates could be used in their classification, and they were placed into six groups on the basis of the presence of catalase and the type of acid end products (Table 3).
Group 1 was comprised of 40 isolates that mostly possessed catalase; they produced mainly propionic acid, but also acetic and isovaleric acids. They were, therefore, placed into the genus Propionibacterium, and 35 could be further characterized at the species level according to their biochemical characteristics (Table 4) . Twenty-three were P. acnes, seven were P. freudenreichii, and five were P. jensenii. The lack of gelatin liquefaction by P. acnes is unusual, although Holmberg and Nord (25) reported that 29% of their strains did not liquefy gelatin. Two isolates had similarities with P. granulosum, except they did not possess catalase. Three remaining isolates remained unidentified.
Group 2 consisted of 29 isolates. None formed catalase; all fermented lactose, raffinose, and sucrose and produced abundant propionic acid and also acetic acid. This group appeared to be Arachnia propionica (Table 4) . The 14 isolates in group 3 were small rods. Microscopically, they were mostly single cells and a few in chains; they did not possess catalase On the basis of other biochemical properties, 2o they were assigned to the species shown in Table  4 e or 5. O o S0 ot 0o
In saliva, the gram-positive anaerobic rods, which accounted for 9.7% of the total cultivable flora ( cies in the genus Propionibacterium, including freudenreichii, and 5 could be identified as P. the anaerobic diphtheroids previously described jensenii. Five others could not be recognized up as Corynebacterium acnes, C. avidum, and C. to the species level with certainty; however, two granulosum because they are anaerobic orga-strains resembled P. granulosum. In the past, P. nisms producing propionic acid as the major end freudenreichii has not been thought of as a product and their cell wall composition differs member of the oral floral, more usually being markedly from that of classical corynebacteria isolated from dairy products (36) . It is well (12) . Of the 40 propionibacteria, 23 could be known that P. acnes is the most common conidentified as P. acnes, 7 could be identified as P. taminant in anaerobic cultures, presumably coming from the skin or scalp of the subjects or from laboratory workers (27) . In the present study, P. acnes was isolated from seven individuals on different occasions and constituted the third most numerous group. They would therefore seem unlikely to be contaminants. All 29 isolates in group 2 were identified as A. propionica. The genus Arachnia was introduced by Pine and Georg (34) to include the organism previously known as Actinomyces propionicus because of its marked difference from Actinomyces in having diaminopimelic acid in the cell wall and fermenting glucose, with the production of propionic acid as the major product. It normally differs from the genus Propionibacterium by the absence of catalase, failure to produce propionic acid from lactate, its formation of filamentous colonies on agar medium or filaments in clinical material, and its pathogenicity in humans and animals, causing typical actinomycosis (9) . The present finding, that A. propionica ferments lactose and raffinose, whereas P. acnes generally does not, agrees with Georg (15); similarly, P. acnes produced indole, whereas Arachnia did not.
A. propionica has not been demonstrated very often in material from the human mouth, probably because of the close morphological and biochemical resemblance of this organism to members of the genus Actinomyces. Thus, it can only be distinguished from A. israelii and A. naeslundii by the demonstration of diaminopimelic acid in its cell wall or the production of propionic acid in glucose fermentation (16) .
Fourteen isolates in group 3 were designated as Lactobacillus. With the biochemical tests performed, it was not possible to characterize this group at the species level.
All three strains of Bifidobacterium were isolated from the saliva of one individual, and none was isolated from the gingival crevice; it was not possible to assign them to any described species.
The taxonomic status of the Eubacterium group (Table 6 ) is uncertain. Organisms of this type have been reported from the human mouth under various clinical conditions and classified as Eubacterium and, in older terminology, Ramibacterium and Catenabacterium (7, 44) . This group needs further investigation.
A total of 67 isolates identified as species of Actinomyces represented a spectrum of organisms, some having catalase and others not. None produced propionic or lactic acid as the major end product or butyric acid. All produced abundant amounts of succinic acid (all strains were grown in the presence of C02), with moderate amounts of acetic acid and sometimes with formic acid and/or lactic acid. Certain distinctive biochemical features of many of the isolates suggested a strong resemblance to described species. On the basis of their reactions with nitrate, esculin, glycerol, mannitol, and xylose and the presence or absence of catalase (Table 5) , a significant proportion appeared to be A. naeslundii and A. viscosus, and three isolates were identified as A. israelii. It may be noted that A. viscosus and A. naeslundii are stated not to ferment xylose, usually to ferment glycerol, and usually to reduce nitrate, whereas the reverse is true of A. israelii (9) . Although none of our organisms grew on initial aerobic subculture, they did so, if weakly, after prolonged laboratory cultivation. The very close similarity between A. viscosus and A. naeslundii (apart from the former being catalase positive and some of the latter strains fermenting mannitol) is in agreement with other authors (24) . In addition, two isolates produced red-pigmented colonies, fermented glycerol and xylose, and reduced nitrate, but did not produce catalase or hydrolyze esculin; they resembled A. odontolyticus (33) . The 15 unidentified isolates had properties belonging to one or all of the four species mentioned above. Difficulties concerning species differentiation of the Actinomyces genus have also been reported previously (37) .
The accurate estimation of mixed flora as in the human mouth is complicated by a number of technical difficulties, such as the impossibility of obtaining a homogeneous representative sample, avoidance of exposure to oxygen, a transport medium allowing maximum survival, and a suitable nonselective primary isolation medium supporting a diverse group of microorganisms without overgrowth by some. Efficient dispersion of the plaque and saliva samples without inhibiting or destroying some of the microbial groups either mechanically or by exposure to oxygen remains a big problem. In the present study this was kept to a minimum by the use of a shaker and stoppered bottles. Aranki et al. (2) suggested that the critical stage in the technique is the exposure of samples to oxygen during manipulations such as dispersion, dilution, and plating, rather than the incubation period. In the present work, all dilutions were made in RTF contained in a stoppered bottle, using a hypodermic needle and syringe. In other words, samples were exposed to air only at the stage of collection and plating.
The inadequacy for anaerobes of the usual transport media, i.e., Stuart, VMG, and SBL, was shown by Gastrin et al. (14) . For this reason, RTF containing dithiothreitol as the reducing agent was used (32) .
The medium used throughout this study was based on MM10 medium (32) (18, 20, 45) . However, there is general recovery rate of 33.3% from plaque reported by agreement; i.e., cocci predominate in saliva Loesche et al. (32) . It may be remarked that (69%), rods predominate in the gingival crevice spirochetes were not encountered, possibly be-(60.5%), and anaerobes account for half of the cause their nutritional and/or anaerobic require-total anaerobically cultivated microbiota in ginments were not met; for these particularly fas-gival crevice and less than half in saliva. Fur- tidious anaerobes, the roll tube method is pre-thermore, in the gingival crevice, gram-positive ferred (6) .
anaerobic rods accounted for 24% of the total In the present work, every colony (i.e., ca. 50) cultivable flora, as compared with 20.2% found was selected from each of 10 A. propionica GC (8, 16, 20) and has been isolated from advanced periodontal lesions (38) . The data now presented indicate a need for further study of its role in the human mouth. As noted earlier, P. acnes has not been thought to be a member of oral flora but a contaminant presumably coming from the skin or scalp. Recently, however, it has been reported to be present in oral flora (22, 40) . In the present study, out of 23 P. acnes strains, 7 were from saliva and 16 were from gingival crevice material of seven individuals, which strongly suggests that they are residents of the mouth. P. acnes has been isolated from normal skin, intestinal contents, wounds, blood, pus, and soft tissue abscesses (36) . Recently, there has been an increased interest in this organism because of its stimulatory effect on the reticuloendothelial system of mice (1, 13) ; its role in the human mouth is not known.
The data presented here indicate a need for further study of these gram-positive anaerobic rods in defined conditions of oral health and disease.
